Introduction
============

The intuition that "nature is good for children" is widely held, and yet, historically, the evidence for this intuition has been uncompelling, with a distressing number of weak studies and inflated claims. Now, however, an impressive body of work has accrued and converging lines of evidence paint a convincing picture.

This integrative mini-review (see [Supplementary Material](#SM1){ref-type="supplementary-material"} for methods) summarizes what we know about the role of nature experiences in learning and development. It draws on a wide array of peer-reviewed scientific evidence, ranging from research in the inner city, to the study of Attention Deficit/Hyperactivity Disorder, to neurocognitive and physiological explorations. Our overarching question was, "do nature experiences promote learning and child development?"

Throughout our review, we took care to distinguish between evidence for cause-and-effect relationships and evidence for associations; causal language (e.g., "affects," "boosts," "is reduced by") is used only where justified by experimental evidence. Where converging, but not experimental, evidence points to a likely cause-and-effect relationship, our language is qualified accordingly (e.g., "seems to increase"). [Table 1](#T1){ref-type="table"} summarizes recent advances in this area and explains how those advances contribute to our confidence in a cause-and-effect relationship between nature and learning and development.
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What emerged from this critical review was a coherent narrative ([Figure 1](#F1){ref-type="fig"}): experiences with nature do promote children's academic learning and seem to promote children's development as persons and as environmental stewards -- and at least eight distinct pathways plausibly contribute to these outcomes. Below, we discuss the evidence for each of the eight pathways and then the evidence tying nature to learning, personal development, and the development of stewardship.

![Nature-based learning: exposures, probable mechanisms, and outcomes. This Figure summarizes the state of the scientific literature on nature and learning. The items and pathways here emerged from our review as opposed to guiding our review; thus each item listed has been empirically associated with one or more other items in the figure. Relationships for which there is cause-and-effect evidence are indicated with an asterisk; for example, "more able to concentrate" is asterisked because experimental research has demonstrated that exposure to nature boosts concentration. Similarly, "increased retention of subject matter" is asterisked because experimental research has demonstrated that exposure to nature in the course of learning boosts retention of that material. Here and throughout this review, causal language (e.g., "affects," "increases," "boosts," "is reduced by") is used only where experimental evidence (the gold standard for assessing cause-and-effect) warrants. Where converging evidence suggests a causal relationship but no experimental evidence is available, we use qualified causal language (e.g., "seems to increase"). The green box lists forms of nature exposure that have been tied with learning, whether directly (nature -\> learning) or indirectly, via one or more of the mechanisms listed (nature -\> mechanism -\> learning). In this review, "nature" includes experiences of nature not only in wilderness but also within largely human-made contexts. Thus a classroom with a view of trees offers an experience of nature not offered by its counterpart facing the school parking lot. This review encompassed experiences of nature regardless of context -- whether through play, relaxation, or educational activities, and in informal, non-formal and formal settings. The blue boxes show probable mechanisms -- intermediary variables which have been empirically tied to both nature and learning. For example, the ability to concentrate is rejuvenated by exposure to nature and plays an important role in learning. Natural settings may affect learning both by directly fostering a learner's capacity to learn and by providing a more supportive context for learning. The purple box lists learning outcomes that have been tied to contact with nature. In this review, "learning" encompasses changes in knowledge, skills, behaviors, attitudes, and values. A database of articles found in the three phases of the review process (ending in 2018) is available at: <https://goo.gl/FZ1CA9>.](fpsyg-10-00305-g001){#F1}

Nature May Boost Learning Via Direct Effects on Learners
========================================================

Five of the eight plausible pathways between nature and learning we identified are centered in the learner. Learning is likely to improve when a learner is more attentive ([@B72]; [@B55]); less stressed ([@B35]; [@B52]); more self-disciplined ([@B61]; [@B25]); more engaged and interested ([@B85] for review); and more physically active and fit (for reviews, see [@B2]; [@B76]). Evidence suggests that contact with nature contributes to each of these states or conditions in learners.

Nature Has Rejuvenating Effects on Attention
--------------------------------------------

The rejuvenating effect of nature on mentally fatigued adults (e.g., [@B37]; [@B45]) and children has been demonstrated in a large body of studies, including field experiments ([@B28]) and large-scale longitudinal studies ([@B20]). Students randomly assigned to classrooms with views of greenery perform better on concentration tests than those assigned to purely "built" views or windowless classrooms ([@B53]). Nature's rejuvenating effects on attention have been found in students going on field trips ([@B88]), Swedish preschoolers ([@B56]), children in Chicago public housing ([@B27]), and 5 to 18-year-olds with ADHD (e.g., [@B46]), using measures of attention ranging from parent and teacher ratings ([@B66]) to neurocognitive tests ([@B77]).

Nature Relieves Stress
----------------------

The stress-reducing effects of nature have been documented in adults in a large body of controlled experiments (see [@B47]; [Supplementary Material](#SM1){ref-type="supplementary-material"} for review) and the available evidence points to a similar effect in children. Nature has been related to lower levels of both self-reported and physiological measures of stress in children ([@B7]; [@B15]; [@B95]). Recently, an experimental study showed that a window view of vegetation from a high school classroom yields systematic decreases in heart rate and self-reported stress, whereas built views do not ([@B53]). Further, students learning in a forest setting one day a week showed healthier diurnal rhythms in cortisol in that setting than a comparison group that learned indoors -- cortisol dropped over the course of the school day when lessons were held in the forest but not in the classroom -- and these effects could not be attributed to the physical activity associated with learning outdoors ([@B22]).

Contact With Nature Boosts Self-Discipline
------------------------------------------

In adults, the effects of viewing scenes of nature on self-discipline have been demonstrated experimentally using tests of impulse control ([@B9]; [@B18]). In children, nature contact has been tied to greater self-discipline in children from inner city Chicago ([@B27]) to residential Barcelona ([@B3]) and in experimental ([@B75]), longitudinal ([@B87]), and large-scale cross-sectional studies ([@B3]). These benefits have been shown for neurotypical children as well as for children with ADHD ([@B75]) and learning difficulties ([@B40]). The types of self-discipline assessed include delay of gratification ([@B27]) and parent ratings of hyperactivity ([@B30]), and the types of "nature" include not just "greenness" but contact with horses in animal-assisted learning ([@B40]). Note that impulse control effects are not always statistically significant (e.g., [@B3]; [@B77]). Nonetheless, in general, impulse control is better during or after children's contact with nature.

Student Motivation, Enjoyment, and Engagement Are Better in Natural Settings
----------------------------------------------------------------------------

Student motivation, enjoyment, and engagement are better in natural settings, perhaps because of nature's reliably positive effects on mood (e.g., [@B83]). In previous reviews ([@B10]; [@B5]) and recent studies (e.g., [@B80]; [@B1]; [@B51]), students and teachers report strikingly high levels of student engagement and motivation, during both student-elected and school-mandated nature activities. Importantly, learning in and around nature is associated with intrinsic motivation ([@B29]; [@B41]), which, unlike extrinsic motivation, is crucial for student engagement and longevity of interest in learning. The positivity of learning in nature seem to ripple outward, as seen in learners' engagement in subsequent, indoor lessons ([@B48]), ratings of course curriculum, materials, and resources ([@B8]) and interest in school in general ([@B10]; [@B5]), as well as lower levels of chronic absenteeism ([@B54]). Encouragingly, learning in nature may improve motivation most in those students who are least motivated in traditional classrooms ([@B23]).

Time Outdoors Is Tied to Higher Levels of Physical Activity and Fitness
-----------------------------------------------------------------------

While the evidence tying green space to physical activity is extremely mixed (see [@B50] for review), children's time outdoors is consistently tied to both higher levels of physical activity and physical fitness: the more time children spend outdoors, the greater their physical activity, the lesser their sedentary behavior, and the better their cardiorespiratory fitness ([@B36]). Importantly, cardiorespiratory fitness is the component of physical fitness most clearly tied to academic performance ([@B76]). Further, there is some indication greener school grounds can counter children's trend toward decreasing physical activity as they approach adolescence: in one study, girls with access to more green space and woodlands, and boys with access to ball fields, were more likely to remain physically active as they got older ([@B68]). This pattern is echoed in later life: in older adults, physical activity declines with age -- but among those living in greener neighborhoods the decline is smaller ([@B21]).

Nature May Boost Learning by Providing a More Supportive Context for Learning
=============================================================================

In addition to its effects on learners, natural settings and features may provide a more supportive context for learning in at least three ways. Greener environments may foster learning because they are calmer and quieter, because they foster warmer relationships, and because the combination of "loose parts" and relative autonomy elicits particularly beneficial forms of play.

Vegetated Settings Tend to Provide Calmer, Quieter, Safer Contexts for Learning
-------------------------------------------------------------------------------

Both formal and informal learning are associated with a greater sense of calmness or peace when conducted in greener settings ([@B58]; [@B63]; [@B17]). Problematic and disruptive behaviors such as talking out of turn or pushing among children are less frequent in natural settings than in the classroom ([@B4]; [@B63]; [@B66]; [@B17]). Further, in greener learning environments, students who previously experienced difficulties in traditional classrooms are better able to remove themselves from conflicts and demonstrate better self-control ([@B58]; [@B73]; [@B82]). The social environment of the classroom has long been recognized as important for learning ([@B74]). Calmer environments have been tied to greater student engagement and academic success ([@B93]; [@B59]).

Natural Settings Seem to Foster Warmer, More Cooperative Relations
------------------------------------------------------------------

Images of nature have prosocial effects in adults (e.g., [@B90]) and greener settings are tied to the development of meaningful and trusting friendships between peers ([@B94]; [@B17]; [@B89]). [@B58] theorize that natural settings provide a less restrictive context for learning than the traditional classroom, giving children more freedom to engage with one another and form ties. Indeed, learning in greener settings has been consistently tied to the bridging of both socio-cultural differences and interpersonal barriers (e.g., personality conflicts) that can interfere with group functioning in the classroom ([@B94]; [@B19]; [@B89]). Finally, learning in nature facilitates cooperation and comfort between students and teachers, perhaps by providing a more level playing-field wherein the teacher is seen as a partner in learning ([@B78]). More cooperative learning environments promote student engagement and academic performance ([@B69]; [@B59]).

Natural Settings May Afford "Loose Parts," Autonomy, and Distinctly Beneficial Forms of Play
--------------------------------------------------------------------------------------------

In his "theory of loose parts," [@B64] posited that the "stuff" of nature -- sticks, stones, bugs, dirt, water -- could promote child development by encouraging creative, self-directed play. Indeed, teachers' and principals' observations suggest children's play becomes strikingly more creative, physically active, and more social in the presence of loose parts (e.g., [@B11], [@B12]). Interestingly, it appears that nature, loose parts, and autonomy can each independently contribute to outcomes (see [@B12]; [@B65]; [@B81], respectively), raising the possibility of synergy among these factors. Although the effects of loose parts play on child development have yet to be quantitatively demonstrated ([@B33]), the potential contributions of more creative, more social, more physically active play to cognitive, social and physical development seem clear.

Outcomes for Learning and Development
=====================================

In school settings, incorporating nature in instruction improves academic achievement over traditional instruction. In a randomized controlled trial of school garden-based instruction involving over 3,000 students, students gained more knowledge than waitlist control peers taking traditional classes; moreover, the more garden-based instruction, the larger the gains ([@B92]). Further, among the over 200 other tests of nature-based instruction's academic outcomes, the vast majority of findings are positive (for reviews, see [@B96]; [@B5]) -- and here, too, the most impressive findings come from studies employing the largest doses of nature-based instruction (e.g., [@B26]). Findings have been consistently positive across diverse student populations, academic subjects, instructors and instructional approaches, educational settings, and research designs.

Interestingly, both the pedagogy and setting of nature-based instruction may contribute to its effects. Hands-on, student-centered, activity-based and discussion-based instruction each outperform traditional instruction---even when conducted indoors ([@B34]; [@B31]; [@B44]). And simply conducting traditional instruction in a more natural setting may boost outcomes. In multiple studies, the greener a school's surroundings, the better its standardized test performance -- even after accounting for poverty and other factors (e.g., [@B79])---and classrooms with green views yield similar findings ([@B8]; although c.f. [@B24]). The frequency of positive findings on nature-based instruction likely reflects the combination of a better pedagogy and a better educational setting.

In and outside the context of formal instruction, experiences of nature seem to contribute to additional outcomes. First, not only do experiences of nature enhance academic learning, but they seem to foster personal development -- the acquisition of intrapersonal and interpersonal assets such as perseverance, critical thinking, leadership, and communication skills. While quantitative research on these outcomes is rare, the qualitative work is voluminous, striking, and near-unanimous (for reviews, see [@B14]; [@B96]; [@B5]). Teachers, parents, and students report that wilderness and other nature experiences boost self-confidence, critical thinking, and problem-solving (e.g., [@B43]; [@B86]) as well as leadership and communication skills such as making important decisions, listening to others, and voicing opinions in a group (e.g., [@B42]; [@B19]). Students emerge more resilient, with a greater capacity to meet challenges and thrive in adverse situations ([@B6]; [@B19]; [@B38]; [@B89]; [@B71]). Interestingly, greener everyday settings may also boost positive coping ([@B45]) and buffer children from the impacts of stressful life events ([@B91]).

And second, spending time in nature appears to grow environmental stewards. Adults who care strongly for nature commonly attribute their caring to time, and particularly play, in nature as children -- and a diverse body of studies backs them up (for review, see [@B16]). Interestingly, the key ingredient in childhood nature experiences that leads to adult stewardship behavior does not seem to be conservation knowledge (knowledge of how and why to conserve). Although knowledge of how and why to conserve, which could presumably be taught in a classroom setting, has typically been assumed to drive stewardship behavior, it is relatively unimportant in predicting conservation behavior ([@B67]). By contrast, an emotional connection to nature, which may be more difficult to acquire in a classroom, is a powerful predictor of children's conservation behavior, explaining 69% of the variance ([@B67]). Indeed, environmental attitudes may foster the acquisition of environmental knowledge ([@B32]) rather than vice versa. As spending time in nature fosters an emotional connection to nature and, in turn, conservation attitudes and behavior, direct contact with nature may be the most effective way to grow environmental stewards ([@B51]).

Conclusion and Implications
===========================

Do experiences with nature really promote learning? A scientist sampling some of the studies in this area might well be dismayed initially -- as we were -- at the frequency of weak research designs and overly optimistic claims. But a thorough review reveals an evidence base stronger, deeper, and broader than this first impression might suggest: weak research designs are supplemented with strong ones; striking findings are replicated in multiple contexts; the research on nature and learning now includes evidence of mechanisms; and findings from entirely outside the study of nature and learning point to the same conclusions.

Robust phenomena are often robust because they are multiply determined. The eight likely pathways between exposure to nature and learning identified here may account for the consistency of the nature-learning connection. Certainly it seems likely that increasing a student's ability to concentrate, interest in the material, and self-discipline simultaneously would enhance their learning more than any of these effects alone. Moreover, in a group setting, effects on individual learners improve the learning context; when Danika fidgets less, her seatmates Jamal and JiaYing experience fewer disruptions and concentrate better; when Danika, Jamal, and JiaYing are less disruptive, the whole class learns better. These synergies -- within and between students -- may help explain how relatively small differences in schoolyard green cover predict significant differences in end-of-year academic achievement performance (e.g., [@B57]; [@B49]).

An important question arose in the course of our review: is nature-based instruction effective for students for whom traditional instruction is ineffective? Although this review was not structured to systematically assess this question, the benefits of nature-based learning for disadvantaged students were a striking leitmotif in our reading. Not only can nature-based learning work better for disadvantaged students ([@B60]; [@B79]), but it appears to boost interest in uninterested students ([@B23]; [@B86]), improve some grades ([@B13]), and reduce disruptive episodes and dropouts among "at risk" students ([@B73]). Nature-based learning may sometimes even erase race- and income-related gaps (e.g., [@B84]). Further, anecdotes abound in which students who ordinarily struggle in the classroom emerge as leaders in natural settings. If nature is equigenic, giving low-performing students a chance to succeed and even shine, the need to document this capacity is pressing. In the United States, where sixth graders in the richest school districts are four grade levels ahead of children in the poorest districts ([@B70]), this need is urgent.

Fully assessing and making use of the benefits of nature-based instruction can serve all children. The available evidence suggests that experiences of nature help children acquire some of the skills, attitudes, and behaviors most needed in the 21st century. "Non-cognitive factors" such as perseverance, self-efficacy, resilience, social skills, leadership, and communication skills -- so important in life beyond school ([@B62]) -- are increasingly recognized by the business community and policy makers as essential in a rapidly changing world. And for generations growing up in the Anthropocene, environmental stewardship may be as important as any academic content knowledge.

We conclude it is time to take nature seriously as a resource for learning and development. It is time to bring nature and nature-based pedagogy into formal education -- to expand existing, isolated efforts into increasingly mainstream practices. Action research should assess the benefits of school gardens, green schoolyards and green walls in classrooms. Principals and school boards should support, not discourage, teachers' efforts to hold classes outdoors, take regular field trips, and partner with nearby nature centers, farms, and forest preserves. Teachers who have pioneered nature-based instruction should serve as models and coaches, helping others address its challenges and take full advantage of its benefits.
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